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Sumary:

Wrk by nmenbers of the RSG during the past quarter consisted of
Sci ence Team support activities including the subm ssion of
several calibration papers, attendance at neetings related to
MDI'S, SeaWFS, and M SR, work on the atnospheric correction of
ASTER data, and assisting in a stray light study for MOD'S. W
continued inprovenents to our calibration facilities and bl ackl ab
i ncludi ng characterization of our Qptronic nonochromator, field
radi oneter FOV studies, receipt of a clean bench, and work to
automat e our bl ackl ab neasurenments. Field work activities

were continued with trip planning to Wiite Sands and Lake Tahoe in
April and work on devel opi ng new and i nprovi ng exi sting equi prent
for future work

Task Progress:

Rob Ki ngston joined the group in January as a software engi neer
and progranmer. He will help wite software controlling equi pnent
in the laboratory for spectral neasurenents and for reflectance
and FOV neasurenents in the blacklab. He will also help with
network and conputer systemadm nistration. A visiting French
student, Mchael Sicard joined the group in February. He wll
work with the group for 5 nonths assisting K. Thome with optica
depth nmeasurenents in the SWR using both our ASD

spectroradi oneter and the RSG devel oped SWR spectroradi oneter.

P. Slater and S. Biggar finished the draft of a paper titled
"Suggestions for radiometric calibration coefficient generation”
and sent it to 35 calibration scientists around the world for
conments. It was also submtted to the Journal of Atnospheric and
Ccean Technol ogy for inclusion in a special calibration issue.
Slater and K Thome conpleted the first draft of a paper titled
"Radi onetric calibration of ASTER data" and submtted it to the
Journal of Renpbte Sensing of Japan. The paper is coauthored by K
Arai H Fujisada, H Kieffer, A Ono, F. Sakuma, F. Palluconi, and
Y. Yamaguchi. On 2 February, Slater net with B. Quenther and

ot her menbers of MCST to discuss scan-mirror reflectance change
with angle and other concerns. Slater also attended the MOD S
Techni cal Team neeting. The followi ng day he attended an

ASTER/ Landsat neeting and gave a presentation on vicarious
calibration. From 22-24 February he attended the Miltisensor
Ccean Col or Wirkshop in Mam and participated in the Calibration
and Characterization Wrkshop. On 28 February he di scussed the



results of the Wirkshop with C. MO ain and B. Barnes and provi ded
them three pages of comments and suggestions regarding calibration
activities for national and international ocean color sensors. He
had further meetings with MCST personnel discussing MF
measurenents and stray light. The follow ng day he attended the
SWAMP neet i ng.

P. Spyak travelled to SBRC in January to observe near-field
scatter measurenents for MODIS. Problens with software,

el ectronics, offsets and gains, and charge subtraction prevented
hi m from observing the tests. C. Thonpson (SBRC) described test
desi gn and procedure, and Spyak toured the high bay and test

setup. G Codden (MCST) and Spyak pointed out that overfilling
the ScCMA mirror may lead to significant stray |ight problens

in the nmeasurenents and that the tests yield little track
direction information. They suggested a test to provide this
information. Spyak reviewed BRDF data with T. Kanpe and Godden
and the aft optic's BTDF neasurenents with Godden. Spyak anal yzed
the MODI S aft optics scatter data for wavel engths of 0.63, 3. 39,
and 10.6 mcroneters. He reviewed the results w th CGodden and
went to Breault Research Organization, Inc. (BRO for a

tel econference call with Godden, R Breault (BRO, and D.

MIlsom (BRO). Spyak reviewed and conmented on Godden's paper
entitled "Notes regarding the scan mrror reflectivity measurenent
requirements and the proposed SBRC scan mrror reflectivity

nmeasur enment plan," report nunber MCST/ PAI 95001-A. He anal yzed
MDI S's scan mirror BRDF data and di scussed results of anal ysis

wi th Godden and Kanpe while at SBRC and also in a tel econference
wi th Godden, Kanpe, J. Young (SBRC), and Breault and M| som

Based on these di scussions, an agreenent was reached on the

region of valid data, and how to extrapol ate these data to snaller
angl es. Spyak is concerned that the scatteronmeters nmay not have

t he needed repeatability to nake such small-angle scatter
nmeasurenents and that the illum nation spot size nay not be |arge
enough to average over a reasonabl e nunber of surface spatial
frequencies. Kanpe is investigating this. As requested by
Godden, Spyak revi ewed and anal yzed BRO s Harvey-Shack fits to the
MDI S scatter data. Al of the fits except for the scan mrror
fit were very good. The scan mrror fit, however, badly
overestimated the small -angle scatter by roughly a factor

of ten for angles less than 0.5 degrees, and significantly
overestimated the scatter out to about one degree. Also, the CdTe
data were too high by as nmuch as a factor of seven between 0.5 and
1.0 degrees. As a result of scan mrror data error, BRO has
redone some of the conputations.

Thone attended the AVIRIS and TI M5 Conferences at JPL January 23-
24 and January 26. On January 25, he net with B. Eng of JPL to
di scuss the database requirenments for the atnospheric correction
and with G Celler, J. Martonchik, and F. Palluconi (all of JPL)
to discuss M SR aerosol products. On January 27, Thone net with
J. Conel, M Helminger, S. Hook, A Kahle, A Morrison, Pallucon
and J. Schieldge to discuss a collaborative TIR calibration
canpai gn at Lake Tahoe in April. Spyak perforned sonme quick



anal yses and studi es of the contam nation requirenments for ASTER
and sent comments to F. Palluconi of JPL. Biggar attended the

M SR Cal peer review 27-28 March at JPL and sent comments to S
Reber. Biggar travelled to Ann Arbor, M chigan January 25-28 to
make measurenents of the calibration units for HYDICE. He al so
assi sted the HYDI CE ground crew to set up surface validation
targets for the sensor. Biggar and Sl ater attended a HYD CE
nmeeting in Tenpe on 15 March where Biggar gave a short talk on the
nmeasurenents nmade at ERIMin January.

Bi ggar nodified the data collection software for the silicon
transfer radiometer to speed up the collection cycle using the HP
voltneter instead of the Fluke data logger. He tested the
stability of the 6" SIS used as an "al i veness" check when
traveling with the radionmeter. A new nount for accurately
aligning the radioneter and SIS was designed and built by C
Burkhart. Biggar and S. Recker shipped the radi ometer to Japan
and Biggar travelled to Yokohama, Japan February 17-25 to
participate in an ASTER/ OCTS cross-calibration experinment. The
goal s of the experinment were to neasure NEC s spheri cal -
integrating sources (SIS) for ASTER and the OCTS using the VNIR
transfer radioneter. Qher participants in the experinent

i ncl uded NASA EGCS calibration scientist J. Butler, J. Cooper, a
NASA cal i bration technician, C Johnson of N ST, F. Sakuma from
NRLM and various NEC peopl e and observers from JARCS and

NASDA. They neasured the ASTER (1-neter dianeter) SIS on Tuesday
and Wednesday and the OCTS (2-meter dianmeter) SIS on Thursday and
Friday. Prelimnary study of the measurenents indicate NEC s
calibrations for the SISs are in general |ower than what is

i ndi cated by radi onmeter neasurenents made by Biggar, N ST, and
NRLMwith the | argest difference reported by NRLM The GSFC
Optroni ¢ spectroneter setup has sonme stray roomlight problens
whi ch nade early exam nation of their measurenents problematic.
After returning from Japan, Biggar used the radi ometer to view our
NI ST standard lanp in irradi ance node. B. Nelson has started
assenbly of the new version of the silicon radioneter as parts
have finally arrived. The electronics for this version are nore
robust nechanically as is the construction of the detector
assenbly. The circuit designs and optical details are identical
to the "prototype"

Spyak researched the use of boloneters for the detectors for the
TIR transfer radi oneter by visiting Infrared Laboratories to

di scuss applications and requirenents. He determned that a

bol omreter is the correct detector for this application, and that
he and I nfrared Laboratories would work together on the design.

Bi ggar, Slater, and Spyak have since decided to cancel this effort
because it cannot be used directly to calibrate MODI S and ASTER
sources due to vacuum chanber requirenents and budgetary
constraints. Instead, J. Wal ker and Spyak will design and build a
TIRfield radioneter. W hope to eventually build a nearly
identical copy of this radiometer for transfer calibration

of field blackbodies. Walker is reading applicable literature,
begi nning sonme initial calculations, and defining the instrunent



and project specifications. He also began determ ning a schedul e
for the project and investigating satellite sensor requirenents
for the radiometer to bracket the instrunents dynam c range and
required sensitivity.

Spyak decided to design the SWR transfer radi oneter around an

| nNSb det ect or based on di scussions of detector and el ectronics

wi th various vendors, D. Joyce of NOAO at Kitt Peak., and E
Dereni ak of the University of Arizona Optical Sciences Center
Linearity, repeatability, and stability will all be limted by

el ectronics, not the detector itself. Spyak is identifying these
limtations. Spyak worked on the baffle design, custom zation
requirenments for the detector/dewar/el ectronics package, and the
bandpass filter selection. He | ooked into noise problens of 3 -
6.3 mcrometer signal detection. He devel oped specifications for
the cold filter, dewar wi ndow and bandpass filters, and anal yzed
the thermal rejection requirenents. He discussed his designs with
filter vendors anal yzed the detector nask scatter effects and

tol erancing baffl e design. Spyak devel oped schenmatic draw ngs of
t he radi oneter

Wrk in the blacklab continued with the receipt of a filter wheel
notor, lanp alignment jig and ki nematic nmount. Burkhart designed
and constructed nounts for the new optical breadboard and
designed | anp nounting fixtures. Spyak returned the multineter
and shunt for calibration. LaMarr and Spyak neasured the Che
radi oneter FOV, and LaMarr estimates the error in blacklab panel
calibrations due to the FOV to be less than 1% LaMarr desi gned
and constructed a nount for our Barnes MVR to neasure its FOV and
he and R Parada neasured the MWR FOV for one of the SWR
channels. The results of these measurenents show the radi oneter
will out-of-field problens due to stray |ight when used for

bl ackl ab panel calibrations. LaMarr estinmates that the error in a
refl ectance panel calibration due to the out-of-field problens to
be in the 3-5%range. Spyak exam ned crosshair mrror reticles
for systemalignment and di scussed bl acklab nodi fications with B.
Crowt her which will be necessary to neasure the FOV of the

di ffuse-to-global neter. Spyak designed a baffle systemto
surround the lanp and elimnate direct views of the | anp and
submtted the plans to Burkhart. Burkhart conpleted the
fabrication of the new Che nount, Che alignnment fixtures, |anp
stage fixturing, and lanp platform J. LaMarr realigned the

bl ackl ab i nstrunmentati on and perforned nmeasurenents to verify its
repeatability with previ ous nmeasurenents. Biggar installed and
tested a GPIB interface in the new blacklab PC. LaMarr installed
Wndows NT on this system and checked that the ZEMAX-EE | ens
desi gn code runs under NT. Biggar installed LabView for Sun

Sol aris on a cobra (a Sun S20). This will be used to programthe
| anp, shutter, radionmeter, and goni oneter control software in the
bl ackl ab using an ethernet-GPIB controller. Biggar and Ki ngston
wor ked on porting blacklab software to the | aboratory PC system
but have encountered problens with the GPIB. They began work to
al | ow the HP3245A to control the | anp output via the new bl ackl ab
conput er.



Spyak received the clean bench for the calibration | aboratory.
Spyak identified and ordered cl ean bench apparel. B. Nel son
attached the power cables to the bench. Nelson and Spyak ordered,
recei ved, and assenbl ed a cabinet to house the clean bench apparel
and accessories and ordered and received a clean bench chair. W
received a tip-tilt stage, a hem spherical reflectance attachnent
for the Qptroni c nonochromator, chopper bl ades for the previously
recei ved chopper assenbly and notor, |lock-in anplifier board,

bl ackbody source. LaMarr ordered a tenperature/ hum dity sensor
and assenbl ed and tested the water deionizer. M Brownl ee, Spyak,
and Thone di scussed net hods for determ ning the nonuniformty of
our 40" SIS and CCD non-uniformty correction.

Optronic returned our repaired nonochromator in January. Wile
repairing the system Optronic found a power drop throughout the
unit whenever there was a change in filter or grating. This would
cause such things as noving the chopper when it should not nove,
and i nproper filter wheel positioning. There were numerous
repairs: [a] controller internal software upgraded fromV. 3.20 to
V. 4.0, [b] nonochromator stepper notor controller pcb software
upgraded fromV. 3.20 to V. 3.30, [c] nonochronator chopper
controll er pcb software upgraded fromV. 3.10 to V. 3.30
(partially based on Biggar's suggestion to continuously nonitor

t he chopper position when in DC node), [d] additional grounding
wires added to the control cable, [e] separate +5V power supply
added to the stepper notor control pcb, [f] new software, V. 4.10.
LaMvarr | oaded the new software, and set the unit up and checked
it. The filter wheel for the repaired systemdid not operate,

whi ch Optronic replaced and we installed. LaMarr and Spyak
spectrally calibrated the systemto within 0.05% of wavel ength
speci fication using the nercury and krypton sources. The
agreenent in transmttance of a filter measured before and after
the repairs is better than 1% except in the cutoff and cuton
regions of the filter where spectral accuracy and precision play a
significant role. LaMarr and Spyak determ ned the Optronic
nmonochromator has a significant drift in its signal output. After
further experinmentation, they determned the drift is due to
nmechani cal stresses induced by the thermal expansion and
contraction during use. LaMarr and Spyak have attenpted to
elimnate these stresses, and the system now appears to be stable
to about 0.5% LaMarr al so checked spectral errors due to
inserting and renoving the slits and found these errors to be
about 0.02% In preparation for his Japan trip, Biggar used the
systemto neasure the spectral filter transmttance for each band
of the VNNR transfer radioneter. He and LaMarr measured all of
the filters with both narrow (about 0.25 nm FWHM resol uti on) and
wi der (about 1 nm FWHM resol ution) slits.

Brownl ee conpl eted the carrying cases for the BRDF neter. She
conpl et ed designs for panel holders for the instrunment's
Spectral on panels and these were nade by the OSC nachi ne shop and
have been tested by Brownl ee in the bl acklab. She conpl et ed
design of and partially constructed the storage and transportation



units for the panels and worked on the design of the filter wheel
which is currently being machi ned by Burkhart. Biggar and
Brownl ee nodi fied bl acklab control software to allow refl ectance
panels to be rotated fromvertical. Brownlee continued devel opi ng
| DL data display software and exam ning the effect of grazing
angl e, surface, and specul ar refl ectance on the predicted radi ance
at the top of the atnosphere. Burkhart worked on the BRDF canera
filter hol der.

Bi ggar and B. O owt her eval uated various servo and stepper notor
solutions for the diffuse-to-global nmeter and the radi oneter
filter wheel. This is still under study and nore systens are
bei ng evaluated. The desire is for a small, |ow power, accurate,
systemwi th absol ute position encoders. W are also | ooking for
systens that can be powered by batteries if possible.

Bi ggar and Kingston installed and configured ERDAS | magi ne version
8.1, and later 8.2, for Solaris. C. Custafson began eval uating

| magine for its use in our calibration procedures. Biggar and
Crowt her installed and configured Aut oCAD version 12 on our Sun
network running under Solaris 2.3. This will be used for

desi gning new i nstrunments and new | aboratory apparatus. Biggar
installed and tested ethernet, SCSI, and GPIB controllers in the 2
new, rugged field conputers. S. Recker began creating a hone page
for the RSG and connecting pages for faculty to the Qptical

Sci ences Center hone page.

Qust af son conti nued devel opi ng the manuals for the G nel solar

radi oneter and ASD spectroradi ometer. C. Deschappel |l es and
Qust af son determ ned the G nel solar radi ometer began

mal f uncti oni ng agai n because of an internal clock problem They
al so coll ected Reagan and G nel sol ar radi oneter data concurrently
to test the G nel system Qustaf son and K. Thorme were shown by
C. Laumann how to set up and operate the sol ar aureol e canera.

Qust af son ordered and received a carrying case for the ASD
spectroradi oneter, purchased a tripod for the system and cut the
carrying case foamto allow the systemto be packed in the case.
Qust af son conti nued eval uating the ASD. She investigated the
possibility of replacing the systems fiber optic cable with a

| onger one to sinplify the use of the systemfor surface

refl ectance neasurenents.

K. Thone submtted the SPOT calibration report to CNES for the

Cct ober 1994 White Sands trip. Qustafson and Thome conpl eted both
the Level 0 and Level 1 calibrations of Landsat-5 TM using the
Cctober 8 data fromWite Sands. He continued work on the test
data set for the ASTER VNIR/ SWR at nospheric correction. The ATBD
for the atnospheric correction was revised. Thone nodified the
wat er vapor nodel code to nore closely sinulate the geonetry of
MODTRAN and to allow arbitrary tenperature, pressure, and water
vapor profiles. He used MODTRAN out put to exam ne whi ch bands

bet ween ASTER and MODI S had the smal | est differences in band-

i ntegrated, top-of-the-atnosphere radiance for a given set of



at nospheric conditions. Recker and Thome made arrangenents

for the April White Sands trip and the April Lake Tahoe trip.
LaMarr calibrated the reflectance panels to be used for the Wite
Sands trip.

E. Nel son and Spyak wei ghed our truck and nobile | aboratory to
hel p determ ne the proper |ocation of the fuel tanks for the

| aboratory's generators. Nelson, with sone advice from Bi ggar,
coordi nated the purchase of generators for the nobile [ab. Nel son
and Thone took the trailer to the vendor in Phoenix to have the
generators installed. Burkhart fabricated parts for the new

refl ectance yoke in preparation for the March-April Wite Sands
canpai gn. Nelson, Spyak, and Thome tested the new yoke and Nel son
adj usted the system based on this test. W received two

pol ycorders and accessories and two additional Exotech radioneters
for use in field neasurenents. Surface sanples from Lunar Lake
and Railroad Valley were given to T. Zhao of the OSC Measur enent
Laboratory to determ ne their hem spherical, spectral reflectance
but no results were obtained because of instrunent problens. The
sanpl es have since been neasured by M Jacobson.

Si card spent nuch of the February acquainting hinmself with the
wor k of the RSG by reading recent publications. He |earned the
operation of the 10-channel "Reagan" sol ar radioneter and how

sol ar radi onmeter nmeasurenents are converted to optical depth.
Qust af son showed Sicard the operation of the ASD spectroneter and
he investigated the operation of our SWR spectroradi oneter. He
desi gned nmounts for both systens which allow themto be aligned to
the sun and began |l earning the IDL software package in preparation
for processing and displaying the data. Sicard determned the
neutral density filter required to prevent the SWR

spectroradi oneter fromsaturating while viewing the sun. Sicard
and Thone travelled to M. Lemmon to collect data with the SWR
spectroradioneter and to calibrate the group's other solar

radi onet er s.

Recker performed all adm nistrative tasks associated with the
contract.

Anti ci pated Actions:

Biggar and Slater will attend the CECS neeting at GSFC on April 30
and May 1, followed by the MCST review on May 2 and the MODI' S

Sci ence Team neeting from3-5 May. Biggar will then be attendi ng
SIRREX 4 from 8-12 May where he will be making a presentation on
the VNIR transfer radionmeter. Slater will attend the CECS/ GCOS
nmeeting from10-12 May. Biggar, Slater, Spyak, and Thone w ||
attend the ASTER Science Teamneeting from?22 to 26 May in

Fl agstaff. Sone nenbers of the RSGw |l attend the MDD S
vicarious calibration nmeeting at Wallops from 7-11 August.

Biggar will verify the VNIR-transfer-radi ometer-Qptronic-filter
nmeasur enments by using our germani umdetector with the Qptronic and
al so have Jacobson nmeasure the filters with his Cary spectroneter
Biggar will finalize the ASTER cross-calibration results and



prepare a proceedi ngs paper based on the work. He will attenpt a
calibration of the radi oneter using our new NI ST | anp. Spyak wil|
continue to design the SWR transfer radi onmeter and hel p design
the TIR field radioneter. He will continue efforts to upgrade the
bl ackl ab and calibration | aboratory facilities. Walker plans to
conplete the TIR radi ometer requirenents specifications and begin
i nvestigating detectors for the system

Thonme will deliver the atnospheric correction test data set and a
revised | ook-up table to JPL. He will conplete all open
calibrations and begin exam ning the Landsat/ SPOT cross-
calibration issue. Thone will make plans for the April Wite
Sands and Lake Tahoe field experinents. Menbers of our group wll
col  aborate at Lake Tahoe with ASTER team nenbers fromJPL. The
purpose of the trip is to attenpt to calibrate the ATSR Landsat
TM and TIMS as well as to devel op areas of cooperation between
the JPL and UA groups for the calibration and validation of ASTER
data. Additional field experinments are being planned for |ate
June at Lunar Lake and Lake Tahoe as rehearsals for SeaWFS (and
MODI S) and for conparisons between AVIRI S and HYD CE

Brownl ee will conplete an extension armfor the BRDF canera head,
devel op a nethod for neasuring the out-of-plane panel BRFs of the
ref erence Spectral on panels for conditions simlar to those
expected in the field. She will investigate a calibration mnethod
for flat-fielding the BRDF nmeter with the 40-inch spheri cal

i ntegrating source and begin an error analysis for validating the
BRDF neasurenents and performa field test of the system The
customfilter wheel will be installed in the system Brownl ee
will give a presentation her project at NASA' s G aduate Student
Resear chers Program Annual Synposiumin Washington, D. C in My
where Crowther will al so present a poster on the diffuse-to-global
neter.



